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COMPARIBON  OF  THE  METHODS  OP  LOADING. 


Introduction. 

on 

This  thesis  comprised  one  of  a  number  of  tests  —  concrete 
performed  under  the  direction  of  a  joint  conimittee  appointed 
by  four  of  the  leaxling  engineering  and  technical  societies, 
this  particular  thesis  pertaining  to  a  subdivision  of  the  work 
undertELken  at  the  University  of  Illinois. 

Various  tests  made  in  tlie  United  States  within  the  last 
few  years  indicate  that  a  greater  resisting  moment  is  developed 
in  beams  loaded  at  the  center  than  beams  loaded  outside  of  the 
ce  nter.      It  is  therefore  the  intention  of  this  thesis  to 
further  investigate  this  subject  by  making  a  comparison  of 
the  different  resisting  moments  developed  by  various  methods 
of  loading.      In  these  experiments  it  is  the  intention  to  in- 
vestigate the  following  conditions  for  a  number  of  reinforced 
concrete  beams  of  a  uniform  size  and  under  different  methods 
of  loading.       (1)  The  general  behavior  of  each  specimen  under 
loading  and  the  maimer  of  failure,      (2)  The  position  of  the 
neutral  axis.       (3)  To  compare  the  resisting  moments  developed 
under  different  methods  of  loading. 

The  follov;ing  divisions  will  be  made  for  this  thesis: 
I.  Description  of  Materials;  II.  Description  of  Specimens; 
III.  Description  of  Tests;  IV.  Observed  Data;  V.  Discussion; 
VI.  Curves;  VII.  Tables  of  Original  Reading. 
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I.  liESCRIPTION  OF  LIATERIALS. 

All  materials  used  in  this  thesis  were  such,  as  are  used 
in  standard  practice  and  in  other  tests  on  reinforced  concrete 
in  the  laboratory. 

STONE:     The  broken  stone  used  was  Kankakee  limestone 
ordered  screened  through  a  1  in.  screen  and  over  a  1/4— in. 
screen.      It  contained  about  50  percent,  of  voids. 

c 

SAND:     The  sand  was  from  the  Wabash  river  near  Atti/a, 
Indiana.      It  was  not  very  sharp  or  angular  but  clean  and  of 
good  quality.        Analysis  of  sand: — 

Fineness. 
Seive  No.      Percent,  passing 
4  100 
10  73 
20  36 
50  12 
74  5 
100  2 

Per  cent,  of  Voids. 
No.  Wt.  Sand  (gns)  Wt.  Water  (gms)  Wt.  Mixed  (gms)  Percent  Voids 


1  1070  655  1240  26 

2  1120  655  1315  30 

3  1075  655  1265  29 

4  1080  655  1255  27 

5  1010  655  1190  28 


mean=28 


CEMENT:     Illinois  Steol  PortDond  cement  was  used.  Tensile 
tests  of  briquettes  were  made,  via.,  neat  cement  and  a  1  to  3 
mixture  of  cement  and  eand.      The  tests  of  the  neat  briquettes 
v/ere  not  satisfactory,  the  testing  machine  being  out  of  order. 
All  briquettes  broke  in  the  grips  of  the  machine.      The  1  to  3 
tests  are  given  below. 


Age:  7  days. 

No,  Tensile  strength 

lbs.  per  sq.  in. 

1  ,  109 

2  113 

3  109 

4  117 

5  116 

6  120 


mean=114  lbs.  per  sq.  in. 
STEEL:     The  steel  used  for  reinforcement  was  1/2  in. 
round  rod  with  an  elastic  limit  of  40,000  lbs. 


II.  INSCRIPTION  or  SPECIUOiNS 


In  order  to  get  the  real  merits  of  the  materials  used  in 
this  thesis  it  was  decided  to  investigate  the  action  of  the 
concrete  in  the  form  of  the  following  test  pieces: — 

Plain  concrete:  These  tests  were  made  both  on  cylinders 
8  inches  in  diameter  and  16  inches  long,  and  on  6-inch  cubes. 

Reinforced  concrete  beams:  All  the  beams  were  of  a  uni- 
form size  8  inches  by  11  inches  by  13  feet,  and  a  span  of  12 
feet  between  supports  was  used.      A  reinforcement  of  .98  per 
cent,  based  upon  the  area  of  concrete  above  the  center  of  the 
rods,  was  used  and  which  consisted  of  four  1/2  inch  round  rods 
laid  in  a  horizontal  plane  10  inches  below  the  top  of  the  beam. 

III.  lESCRIPTIOHS  OF  TESTS. 

The  beams  were  all  tested  on  the  200,000  lb.  Olsen  testing 
machine.      The  loads  were  applied  in  inq?».ments  of  lX)p^^\  lbs., 
v/hile  the  deflections  and  deformations  corresponding  to  the 
various  applied  loaxis  were  taJcen  at  the  center  and  from  a  set 
of  extensometers.      The  beams  v/eighed  about  1200  lbs.  each. 
The  span  was  the  same  for  all  the  beams^  being  12  ft.  betv/een 
supports. 

Five  different  methods  of  loading  v/ere  used;     (l)  Loading 

jC 

at  the  center  or  a  single  concentrated  load;     (2)  loading  at 
eight  points.      In  this  method  of  loading  it  v;as  attenqpted  to 
produce  the  conditions  of  a  uniform  load;     (3)  loading  at  two 


points  1-1/2  ft.  apart;  (4)  loading  at  two  points  3  ft.  apart; 
(5)  loading  at  two  points  7-1/2  ft.  apart. 

A  layer  of  plaster  of  paris  was  placed  betv/een  the  befiring 
plates  in  contact  with  the  beanj  and  the  beam  allowed  to  set 
under  a  ligiit  load.     To  allow  free  longitudinal  adjustment 
rollers  were  placed  at  both  upper  bearing  plates  for  those 
beams  loaded  at  two  points,  and  at  four  of  the  upper  bearing 
plates  for  those  loaded  at  eight  points.      The  flat  bars  were 
placSd  at  the  four  remaining  bearing  plates.      Rollers  could 
not  be  used  at  all  points  because  of  the  difficulty  of  keeping 
the  beam  from  rolling.      No  roller  bearing  was  used  for  the 
center  loading  but  a  hemispherical  bearing  block  was  placed 
between  the  heaxi  of  the  machine  and  the  bearing  plate. 


In  the  following  pages  each  individual  beam  is  taken  up 
and  a  description  is  given  of  the  general  behavior  of  each 
specimen  under  loading  and  the  manner  of  failure. 

BEAIi  No.  40:  This  beam  was  loaded  at  the  1/S  points  with 
the  extensometers  4  ft.  8  in.  apart.      At  a  load  of  8000  lbs. 


cracks  appeared  8  in.  on  either  side  of  the  center^xcending  to 
a  height  of  3  inches.      As  the  load  increased  the  cracks  devel- 
oped until  within  5  inches  of  the  top  of  the  beam  when  the  load 
reached  10,000  lbs.  which  was  the  maximum.      Shortly  after  the 
maximum  load  crushing  occurred  at  the  top  of  the  beam  directly 
above  the  crack  to  the  left  of  the  center.      After  the  maxiuBJim 
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the  load  dropped,  to  9500  lbs.  and  held  there  until  a  deflection 
of  1  inch  when  the  beiiifl  began  to  i^ive  way  rapidly  and  the 
machine  was  stopped  v/it}i  a  load  of  8000  lbs.  and  a  deflection 
of  2-1/2  inches.     The  beam  failed  by  tension. 
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(The  above  sketch  shows  the  method  of  failure.) 
BEAM  No.  42:  V/t.  of  beam  1230  lbs.  Loaded  at  1/3  points. 
Wt.  of  beam  a.nd  apparatus  1470  lbs.      Extensometers  4ft. 8  in. apart 
Cracks  began  to  appear  8  inches  outside  of  load  points  in  this 
beam  when  the  load  had  reached  7800  lbs.      As  the  load  increased 
the  cracks  developed  until  at  the  maximum  load  of  9620  lbs.,  one 
8  inches  to  the  right  of  the  center  had  reached  to  within  5 
inches  of  the  top.      Shortly  after  the  maxinxim  load  crushing 
occurred,  above  the  crack  to  the  right  of  the  center  and  the 
load  dropped  to  9000  lbs.  and  held  until  a  deflection  of  about 
1  inch  occurred  and  then  began  to  fail  rapidly.      The  load  v/as 
stopped  at  8000  lbs.  with  a  deflection  of  2-1/2  inches.  The 
beam  failed  by  tensionL^  ^ 
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(The  above  sketch  shows  the  method  of  failure.) 


BEAM  No.  44:     Wt .  of  beam  1200  Ibc.       Wt .  of  beam  and 
apparatus  1690  lbs.      Loaded  at  8  points.    Extensoraetcrs  4  ft. 
10  in.  apart. 

No  cracks  appeared  in  this  beam  until* the  load  had  reach- 
ed 6000  lbs.  after  which  they  a-ppenred  as  follows:     at  6000  lbs. 
a  crack  3  in.  to  the  rit^t  of  center;  at  8000  lbs.  2-1/2  ft. 
south  of  center;  main  crack  at  the  maximum  load  of  15000  lbs. 
3  in.  to  the  right  of  center  witH  cracks  1/2  ft.  apart  within 
the  middle  third  of  the  beam,    ,  None  of  these  cracks  were 
larger  thsm  1/50  inch  wide  and  several  reaching  wi things  in. 
of  the  top  of  the  beam.      After  the  maximum  the  load  dropped  to 
13,400  lbs.  and  held  there  until  the  main  crack  increased  to 
1/8  inch  in  width  v/hen  crushing  occurred  at  the  top  with  a 
deflection  in  the  beam  of  1-1/2  inches.      The  beam  began  to 
fail  rapidly  and  the  machine  wa.s  stopped.      The  beam  failed 
by  tension. 


(The  above  sketch  shows  the  method  of  failure.) 
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BEAIA  No.  43:  Wt.  of  beam  1200  lbs.  Loaded  at  8  points. 
Wt.  of  beam  and  apparatus  1490  lbs.  Extensomcters  4  f t . lOin . apart . 
Cracks  began  to  appear  in  this  beam  when  the  loEid  had  reached 
8000  lbs.,   2  feet  each  side  of  the  center.      At  a  load  of  13000 
lbs.  a  crack  appeared  at  the  center.      The  main  crack  at  the 
maximum  load  of  14000  lbs.  was  1  ft.  south  of  the  center;  1/8 
inch  wide  at  the  bottom  a^id  reaching  v/ithin  4  inches  of  the  top, 
other  cracks  within  the  middle  half  of  the  beam  being  not  over 
1/50  inch  wide  and  not  reaching  nearer  than  6  inches  of  the  top. 
After  the  maximum  the  load  dropped  to  13450  lbs.  v/hen  the  larg- 
est crack  took  a  horizontal  direction  and  crossed  under  the 
load  toward  the  center.      Crushing  then  appeared  at  the  top 
and  the  crack  at  the  center  of  the  beam  developed  into  the 
real  point  of  failure.      The  decreasing  load  was  stopped  at 
13000  lbs.  with  a  deflection  of  1-1/4  inches.      Beam  failed 
"by  tension.  ^    yje  '  ^ 


(The  above  sketch  shows  the  method  of  failure.) 

BEAM  No.  45:  Losided  at  2  points  7-1/2  ft.  apart.  Exten- 
somcters 4  ft.  8  in.  apart. 

No  cracks  appeared  in  this  beam  until  the  lofid  had  reached 
7000  lbs,  when  the  developed  as  follows:  at  7000  lbs.  under  the 
south  load;  at  10,000  lbs.  tv/o  feet  north  of  the  center;  at 


V 


11,000  lbs.  cracks  every  foot  within  the  middle  third  of  the 
beam  with  cracks  under  each  load  point.      The  msiximum  load 
appeared  at  17,300  lbs.  with  the  largest  crack  one  foot  out- 
side of  the  south  load,  several  cracks  reaching  to  within 
5  inches  of  the  top  of  the  beam,  all  cracks  being  less  than 
1/50  inch  wide.      After  the  maximum  the  losxi  dropped  to  16,000 
lbs.  when  the  point  of  failure  appeared  two  feet  north  of  the 
center.      The  machine  was  stopped  with  a  load  of  14,000  lbs. 
and  a  deflection  of  2-1/8  inches. 


(The  above  sketch  shows  the  method  of  failure.) 
BEAII  No.  50:  v;t.  of  beam  1160  lbs.    Wt.  of  beam  and  ap- 
paratus 1300  lbs.    Loaded  at  center.    Extensometers  3  ft.  apart, 
Cracks  appeared  in  this  beam  3  ft.  to  the  right  of  the  center 
at  a  load  of  5000  lbs.      At  6000  lbs.  cracks  appea.red  about 
every  foot  of  the  middle  hal^  of  the  beam.      The  maximum  load 
appeared  at  7400  lbs.  with  no  cracks  larger  than  1/50  inch 
wide  and  reaching  within  6  inches  of  the  top.      After  the 
maximum^  .he  load  dropped  to  6500  lbs.  and  held  until  the  point 
of  failure  appeared  8  inches  south  of  the  center.      This  devel- 
oped into  a  crack  running  diagonally  to  the  center  of  the  beam 
at  the  top.      Crushing  occurred  some  time  after  the  maxiLium 


/  ^ 


load.  ITie  load  was  taken  off  at  7000  lbs.  with  a  deflection 
of  7/8  inch.      The  beam  failed  b^  tension. 
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(The  above  sketch  shows  the  method  of  failure.) 

BEAM.  No.  51:  Wt.  of  beam  1250  lb.    Wt.  of  beam  and  ap- 
paratus 1600  lb.     Loaded  at  two  points  7-1/2  ft.  apart.  Ex- 
tensometers  4  ft.  8  in.  apart. 

At  a  load  of  7000  lbs.  tv/o  cracks  appes^red  in  this  beam 
at  2  and  3  ft.  south  of  the  center.      At  a  load  of  10,000  lbs. 
two  cracks  appeared  5  in.  each  side  of  the  load  ncrth  of  the 
center.      UTien  the  load  had  reached  15,000  lbs.  cracks  had 
appeared  at  about  every  6  inches  between  the  load  points.  At 
the  maximum  load  of  18,000  lbs.  there  were  no  cracks  greater 
than  1/50  inch  wide  and  not  reachirig  nearer  than  5  inches  of  the 
top  and  a  deflection  of  9/16  inch.      At  a  load  of  17,500  lbs. 
after  the  maximum  the  point  of  fa.ilure  appeared  2  ft.  south  of 
the  center.      The  machine  v/as  stopped  v;ith  the  load  of  15,000 
lbs.  and  a  deflection  of  2-1/2  inches.      The  beajn  failed  by 

,     .   7^-4^  ^ 

tension . 


(The  above  si:etoh  shows  th3  metnoa  of  failure.) 


C) 


o 


\ 


// 

BEAI^  No.  52:     Wt.  of  beairx  1170  lbs.     Wt.  of  beom  arwJ  ap- 
paratus 1325  lbs.     Loaded  at  the  center.    Extensometers  36 
inches  apart. 

The  first  cracks  appeared  in  this  beam  at  the  center  and 
one  foot  each  side  when  the  load  had.  reached  4000  lbs.  At 
5000  lbs.  cracks  had  appeared  at  about  every  6  inches  within 
the  middle  half  of  the  beam.      At  the  maximLLr.i  load  of  7650 
lbs.  the  largest  crack  was  12  inches  south  of  the  center  reach- 
ing within  6  inches  of  the  top.      No  cracks  were  larger  than 
1/50  inch.      After  the  maximum  the  load  dropped  to  7500  lbs. 
Crushing  occurred  at  the  top  shortly  after  the  maximum  but  the 
load  v/as  applied  sometime  before  the  beam  gave  way  rapidly  at 
a  load  of  7200  lbs.  and  a  deflection  of  3-3/4  inches.      The  beam 
failed  by  tension. 


(The  above  sketch  shows  the  method  of  failure.) 

BEAM  No.  53:  V7t.  of  beam  1200  lbs.  Wt .  of  beam  and  ap- 
paratus 1300  lbs.  Loaded  at  two  points  1-1/2  ft.  apart.  Ex- 
tensometers 36  inches  apart. 

The  first  crack  appeared  in  this  beam  14  inches  north  of 
the  center  with  the  load  at  4000  lbs.      At  a  load  of  5000  lbs. 
one  crack  2  ft.  south  of  the  center  appeared  and  at  a  load  of 
5500  lbs.  a  crack  appeared  one  foot  south  of  the  center.  At 


a  load  of  7000  lbs.  cracks  had  appeared  every  6  inches  within 
the  mid  ale  tliird.       At  the  maximum  load  of  7900  lbs.  the 
largest  crack  was  6  inches  north  of  the  center  ajid  reached 
to  within  5  inches  of  the  top,  other  cracks  being  not  nearer 
than  7  inches  of  the  top  and  none  greater  than  1/50  inch  wide. 
After  the  maximum  the  load  dropped  to  7200  lbs.  Crushing 
occurred  at  the  top  shortly  afterwards.      The  beam  soon  began 
to  fail  rapidly  and  the  load  was  taken  off  at  7000  lbs.  with 
a  deflection  of  1-3/4  inches  in  the  beam.      The  beam  failed 


(The  above  sketch  shows  the  method  of  failure.) 

BEAK  No.  54:     Wt .  of  'beam  1200  lbs.    Wt.  of  beoii.  and  ap- 
paratus 1310  lbs.     Loaded  at  2  points  1-1/2  ft.  apart.  Ex- 
tensometers  36  inches  apart. 

The  first  cracks  appeared  at  the  center  and  14  inches 
each  side  of  the  center  at  a  load  of  5000  lbs.      At  a  load  of 
6000  lbs.  two  more  cracks  appeared  tv/o  feet  each  side  of  the 
center.      At  a  7000  lbs.  cra.cks  had  appeared  every  6  inches 
within  the  middle  third  of  the  beam.      At  the  maxiLiUm  load 
of  8250  lbs.  the  largest:  crack  was  6  inches  north  of  the  center 
reaching  within  5  inches  of  the  top  of  the  beam,  no  cracks  be- 
ing larger  than  1/50  inch  wide.      After  the  maximum  the  load 


"by  tension. 
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dropped  to  7300  lbs.  and  helri  until  a  deflection  of  one  inch 
occurred  and  then  began  to  fail  rapidly.      The  machine  was 
stopped  at  a  load  of  7000  lbs.  v/hen  the  beam  hau  a  deflection 


The  beam  failed 

uy  tension. 

y 
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(The  above  sketch  shows  the  method  of  failure.) 

BEAM  No.  55:  Wt.  of  beam  1220  lbs.  Wt.  of  beam  and  ap- 
paratus 1460.    Loaded  at  2  points  3  feet  apart.  Extensometers 
44  inches  apart. 

The  first  cracks  appeared  one  foot  each  side  of  center 
at  a  load  of  6000  lbs.      At  a  load  of  7000  Ihs.  cracks  had 
appeared  esrery  6  inches  within  the  middle  half  of  tlrie  beam. 
At  the  maximum  load  of  8900  lbs.  the  largest  crack  was  at  the 
center  of  the  beam  reaching  within  5  inches  of  the  top,  other 
cracks  no  higher  than  3  inches  from  the  bottom  and  none  greater 
than  1/50  inch  wide.      The  deflection  at  the  maximum  load  was 
1/2  inch.      After  the  maximum  the  load  dropped  to  8200  lbs. 
Crushing  at  the  top  occurred  a  few  minutes  afterwards  v/ith 
the  largest  crack  1/8  inch  wide  and  a  deflection  of  one  inch 
in  the  beam.      The  beam  began  to  fail  rapidly  at  8500  lbs. 
and  the  machine  was  stopped..      The  beam  failed  "by  tension. 


C) 
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(The  above  sketch  shows  the  method  of  failure.) 

BEAM  No.  56:     Wt .  of  beam  1150  lbs.  Wt.  of  beair.  and  ap- 
paratus 1430  lbs.      Loaded  at  two  points  3  ft.  apart.  Exten- 
someters  44  inches  apart. 

The  first  cracks  appeared  in  this  beam  2  ft.  each  side 

of  the  center.  When  the  load  had  reached  7000  lbs.  cracks  had ^ 

appeared  every  6  inches  v/ithin  the  middle  third  of  the  beam. 
At  the  maximuiii  load  of  9610  lbs.  the  beam  had  a  deflection  of 

1/2  inch*      The  largest  crack  was  7  inches  north  of  the  center 
and  reaching  witliin  6  inches  of  the  top  of  the  beam,  other 
cracks  not  nearer  than  7  inches  of  the  top  and  none  larger 
than  1/50  inch  wide.      After  the  maximum  the  load  dropped  to 
9000  lbs.  and  crushing  occurred  at  the  top  a  few  minutes  after- 
wards.     The  load  held  until  the  deflection  in  the  beam  reached 
one  inch  when  it  began  to  decrease  rapidly  and  was  taken  off  at 
8000  lbs.  with  a  deflection  of  1-1/2  inch.      The  beam  failed 


by  tension. 


(The  above  sketch  shows  the  method  of  failure.) 


( 


/3 


V.  DISCUSSION. 

The  curves  for  all  the  beams  of  these  tests  give  the 
same  general  characteristics  as  have  been  brought  out  by 
previous  tests  of  reinforced  concrete  beams.      The  beajns  all 
failed  by  tension  in  the  steel  reinforcement*      In  each  case 
the  steel  was  stretched  beyond  the  elastic  limit.      In  all 
cases  it  v/as  noticed  that  the  different  curves  for  each  beam 
possessed  a  certain  degree  of  sympathy  for  each  other.  If 
any  irregularity  was  noticed  in  the  deflection  or  deformation 
curves  a  corresponding  irregule^rity  was  noticed  in  the  neutral 
axis  curve.      Also  the  curves  corresponding  to  the  same  metiiod 
of  loading  were  almost  identical.      The  calculated  stress  in 
the  steel  produced  by  uniform  loading  and  loading  at  two  points 
7-1/2  ft.  apart  was  slightly  lower  than  the  elastic  limit  of 
the  steel,  while  the  stress  produced  by  a  single  concentrated 
load  and  loading  at  1/3  points  was  in  all  cases  somewhat  higher 
than  the  elastic  limit  of  the  steel. 

The  maximum  bending  moment  developed  at  the  center  was 
greatest  in  those  beams  with  a  single  concentrated  load,  slight- 
ly smaller  for  beams  with  loads  1-1/2  ft.  apart,  still  smaller 
for  loads  3  ft.  apart  and  smallest  for  loads  at  1/3  points  ajid 
loads  7-1/2  ft.  apart,  the  last  two  producing  about  the  same 
bending  moment.      The  results  obtained  from  the  beams  loaded 
uniformly  were  decidedly  different  from  those  of  any  tests 
previously  made.      Heretofore  all  reports  of  tests  of  beams 
loaded  uniformly  have  given  lower  bending  moments  thsm  that 


developet^.  by  other  methods  of  loading,  v/hile  in  these  testa 
the  bending  moment  was  slightly  smaller  than  that  developed 
"by  a  single  concentrated  load  at  the  center  and  higher  than 
that  obtained  by  etny  other  method  of  loading. 

In  comparing  the  different  positions  of  the  neutral  axis 
it  was  noted  that  they  did  not  vary  according  to  any  rule 
with  the  different  methods  of  loading.        No  more  irregularity 
in  the  position  of  the  neutral  axis  was  noted  for  bearas  with 
different  loadings  than  in  those  with  the  saiiie  loading.  The 
position  of  the  neutral  axis  was  therefore  not  at  all  depend- 
ent upon  the  method  of  loading. 

In  making  a  comparison  of  the  deflection  curves  for  the 
different  methods  of  loading  it  was  noted  that  there  were  two 
sets  having  almost  the  same  deflections  for  corresponding 
loadsj   (1)  those  loaded  at  8  points,  and  at  2  points  7-1/2  ft. 
apart;  and  (2)  those  loaded  at  2  points  1-1/2  and  3  ft.  apart, 
and  at  the  center,  and  1/3  points.      The  deflections  in  the 
second  set  ran  very  nearly  double  those  in  the  first  set 

for  corresponding  loads, 

EXPLANATION  OF  TABLES  AND  PLATES.       (VI.  AND  VII.) 

The  curves  were  plotted  using  the  applied  loads  as  ordi- 
nates  and  unit  deformations  and  deflections  as  abscissae. 
The  curves  labeled  "upper  fiber"  refer  to  the  upper  fiber  of 
the  concrete;  those  labeled  "steel"  give  deformations  with 
the  assumption  that  the  deformation  in  the  steel  is  the  same 
as  that  in  the  adjacent  concrete.      The  various  positions  of 


the  neutral  eixis  are  plotted  in  percents  of  the  effective 
depth  "below  the  top  of  the  beam.      The  neutral  axis  was  located 
with  the  assumption  tliat  a  plane  section  before  bending  was  a 
plaiie  section  after.       In  the  following  tables  of  original 
readings  the  loads  are  given  in  pounds  exclusive  of  the  weight 
of  the  beam  and  apparatus. 


BEAM 

Loaded  at  1/3  points. 

ORIGINAL  READINGS 

Ap- 
plied      Extensometer  Reading 


Load 

Inches 

lbs. 

I, 

II. 

III. 

IV. 

1000 

.0043 

.0040 

.0044 

.0035 

2000 

.0110 

.0109 

.0104 

.0095 

3000 

.0204 

.0228 

.0186 

.0200 

4000 

.0330 

.0394 

.0304 

.0355 

5000 

.0465 

.0551 

.0433 

.0505 

6000 

.0608 

.0616 

.0574 

.0660 

7000 

.0760 

.0890 

.0723 

.0828 

8000 

.0905 

.1064 

.0877 

.1010 

9000 

.1085 

.1250 

.1051 

.1160 

10000 

.1320 

.1506 

.1271 

.1390 

9500 

.1565 

.2576 

.1979 

.2425 

9500 

.1570 

.4180 

.3110 

.3995 

9000 

.1582 

.6210 

.4800 

.5980 

8000 

.1580 

.8930 

.7630 

.8400 

1.  40. 

4  1/2 -in. 

Round 

Rod  s. 

UNIT  lEEORI/JV- 

Neutral 

TIONS 

De- 

Axi  8 

flee- 

Upper 

Steel 

In. 

Fiber 

.000 

.0429 

.0268 

.031 

.0981 

.0910 

.062 

.1964 

.1787 

.09a 

.2700 

.3566 

•  JLkJ\J 

.3750 

.4910 

4  3 

.218 

.5180 

.5710 

4.8 

.281 

.6250 

,7870 

4.4 

.343 

.7500 

.9550 

4.4 

.406 

.9110 

1.1100 

4.5 

.500 

1.1250 

1.3000 

4.6 

.781 

1.5200 

1.8200 

lit 

1-000 

1.4280 

4.2800 

1.750 

1.9660 

6.6100 

2.0 

2.500 

2 . 5000 

9.2800 

2.1 

BEAJil  No.  42. 

Loeided  at  3roi  points.  4  1/2- in.  Round  Rods 


ORIGHIAL  HEADINGS 

Ap- 
plied     Extensometer  Reading 


Load 

Inches 

lbs. 

I, 

II. 

III. 

IV. 

1000 

.0042 

.0043 

.0041 

.0043 

2000 

.0110 

.0113 

.0111 

.0120 

3000 

.0220 

.0227 

.0219 

.0248 

4000 

.0360 

.0383 

.0358 

.0423 

5000 

.0515 

.0554 

.0506 

.0615 

6000 

.0680 

.0629 

.0667 

.0813 

7000 

.0855 

.0906 

.0840 

.1010 

8000 

.1660 

.1110 

.1047 

.1245 

9000 

.1300 

.1337 

.1292 

.1475 

9420 

.1465 

.1532 

.1477 

.1690 

9000 

.1585 

.1695 

.1605 

.1865 

8000 

.4800 

.7195 

.6792 

.7750 

UlTIT  IEjj^ORMA-  Neutral 


De- 
flec- 
tion 

TIONS 
Upper 

Steel 

Axis 

In. 

< 

Fiber 

.000 

.0393 

.0375 

5.0 

.031 

.0983 

.1018 

4.9 

.062 

.1965 

.2054 

4.9 

.OlS- 

.3125 

.3660 

4.6 

.187 

.4380 

.5360 

4.4 

.250 

.5890 

.6430 

4.8 

.312 

.7230 

.8750 

4.5 

.406 

.9110 

1.0710 

4.6 

.500 

1.1380 

1.2500 

4.7 

.562 

1.2770 

1.4390 

4.7 

.625 

1.3750 

1.6170 

4.6 

2.500 

4.5600 

7.2300 

3.9 

BEAM  No.  43. 


Loaded  at  8  points. 

ORIGINAL  KEADBTGS 

Ap- 
plied   Extensometer  Reading  De- 


Load 

Inches 

flec- 
tion 

lbs. 

I. 

II, 

III. 

IV. 

In. 

1000 

.0033 

.0037 

.0029 

.0037 

.000 

2000 

.0083 

.cm 

.0076 

.0095 

.031 

3000 

.0144 

.0157 

.0138 

.0166 

.062 

4000 

.0218 

.0244 

.0214 

.0255 

.093 

5000 

.0307 

.0343 

.0304 

.0367 

.125 

6000 

.0395 

.0446 

.0391 

.0457 

.156 

7000 

.0492 

.0559 

.0489 

.0573 

.187 

8000 

.0590 

.0676 

.0587 

.0690 

.218 

9000 

.0693 

.0789 

.0688 

.0805 

.250 

10000 

.0800 

.0920 

.0791 

.0904 

.312 

11000 

.0910 

.1029 

.0901 

.1040 

.375 

12000 

.1030 

.1159 

.1021 

.1170 

.437 

13000 

.1160 

.1302 

.1152 

.1305 

.500 

14000 

.1320 

.1505 

.1310 

.1505 

.562 

13450 

.2808 

.3598 

.2155 

.3650 

1.060 

13000 

.3225 

.4510 

.2665 

.4565 

1.250 

4  1/2- in.  Round  Rods. 
UNIT  23EF0RMA-  Neutral 


TIONS 

Axis 

Upper 

Steel 

Tiber 

.0276 

.0328 

.0621 

.0931 

.1171 

.1379 

4  4 

.2501 

.3190 

4.4 

.3020 

.4660 

It 

•  ouuu 

A  A 

•  4  /  DU 

.  D  loU 

A  A 

4.4 

.5640 

.7::o 

.6550 

.8110 

4  .  -T 

.7420 

.9150 

.8450 

1.0260 

4.5 

.9490 

1.1550 

1.1620 

2.3350 

til 

1.8110 

3.4520 

1.9850 

4 . 4800 

3.0 

BEAId  No.  44. 


Loadea  at  8  points. 

ORIGINAL  READINGS 

Ap- 


plied 
Load 

Ext  ear  some  ter 
Inches 

Reading 

De- 

flec 
tion 

lbs. 

I. 

II. 

III. 

IV. 

In. 

1000 

.0030 

.0030 

.0027 

.0020 

.000 

2000 

.  OOOD 

•  00  lO 

.  UUbO 

A  AOK 

.031 

3000 

» OOoO 

r\'\  A  T 
.0141 

•  01<cl 

AAO  K 

.062 

4000 

AT  QT 

AAOK 

.093 

5000 

AT  T  Pi 

.125 

6000 

no  A  n 

AO/  R 

AT  QK 

.156 

7000 

.0315 

.0484 

.0421 

.0285 

.187 

8000 

.0400 

.0569 

.0500 

.0360 

.218 

9000 

.0480 

.0637 

.0581 

.0461 

.250 

10000 

.0560 

.0785 

.0662 

.0575 

.281 

11000 

.0655 

.0906 

.0751 

.0695 

.312 

12000 

.0740 

.1022 

.0838 

.0810 

.375 

13000 

.0790 

.1139 

.0939 

.0940 

.438 

14000 

.0890 

.  1275 

.1029 

.1070 

.500 

15000 

.1010 

.1510 

.1158 

.1300 

.562 

13700 

.2700 

.5220 

.2960 

.4925 

1.500 

4  1/2 -in.  Round  Rods. 

UNIT  lEPORI^IA-  Neutral 
TIONS 

Axis 

Upper  Steel 
Fiber 

.0293  .0189  6.3 

.0638  .0414  6.1 

.0863  .0552  6.7 

.1517  .0673  6.9 

.1932  .1396  5.5 

.2590  .2417  5.1 

.3105  .3280  4.8 

.3920  .3900  5.0 

.4520  .4560  4.8 

.5090  '6040  4.6 

.5770  .7070  4.4 

.5470  .8190  4.4 

.6900  .9490  4.2 

.7520  1.0690  4.1 

.8110  1.2500  -4-^ 

1.5510  5.2300  2.3 


BEAM  No.  45. 
Loaded  at  2  points 7-1/2  ft.  apart. 
ORIGINAL  READINGS 


4  1/2" in.  Round  Rods. 

UNIT  LiiarORMA-  Neutral 
TIONS 


Ap- 
plied 

Load 
lbs. 

Extensometer  Residing 
Inches 
I.          II.  III. 

IV. 

lei 
flec- 
tion 

In. 

Upper 
Fiber 

Steel 

Axif3 

1000 

.0020 

.0020 

.0026 

.0025 

.000 

.0214 

.0178 

5.4 

2000 

.0042 

.0046 

.0051 

.0050 

.031 

.0536 

.0575 

5.8 

3000 

.0075 

.0078 

.0091 

.0083 

.062 

.0768 

.0679 

5.3 

4000 

.0125 

.  0127 

.0124 

.0132 

.093 

.1230 

.1107 

5.3 

5000 

.0187 

.0199 

.0215 

.0198 

.125 

.1875 

.1696 

5.2 

6000 

.0260 

.0284 

.0294 

.0278 

.156 

.2500 

.2465 

5.0 

7000 

.0340 

.0381 

.0378 

.0372 

.187 

.3219 

.3341 

4.9 

8000 

.0430 

.  0483 

.0470 

.0472 

.218 

.3984 

.4240 

4.8 

9000 

.0520 

.0589 

.0568 

.0580 

.250 

.4640 

.5270 

4.7 

10000 

.0610 

.0683 

.0662 

.0680 

.281 

.5630 

.5980 

4.8 

11000 

.0705 

.0777 

.0756 

.0783 

.312 

.6430 

.6790 

4.8 

12000 

.0800 

.0881 

.0860 

.0890 

.343 

.7330 

.7860 

4.8 

13000 

.0900 

.0985 

.0967 

.1000 

.406 

.8220 

.8750 

4.8 

.1250 

.1090 

.1089 

.  J.±UU 

OA  T  C\ 

Q  R'7n 

.  i7  O  <  U 

o .  u 

15000 

.1140 

.1208 

.1213 

.1220 

•  531 

1.0530 

1.0530 

5.0 

16000 

.1270 

.1324 

.1342 

.1335 

.593 

1.1810 

1 . 1600 

5.0 

17000 

.1410 

.1449 

.1491 

.1465 

.656 

1.3140 

1.2530 

5.1 

17300 

.1530 

.1571 

.1595 

.1650 

.718 

1.4010 

1.4010 

5.0 

16000 

.27i5 

.2560 

.2827 

.2460 

1.000 

2.5140 

2.0100 

6.0 

BEAM  No.  50. 


Loaded  at  the  center. 


Ap- 
plied 

Load 

lbs . 


ORIGINAL  IIEADINGS 

iixtensometer  Reading 
Inches 


4  1/2- in.  Round  Rods. 


UNIT  MORMA-  Neutral 


De- 
flec- 
tion 


TIONS 
Upper 
Pibcr 


Steel 


Axis 


I. 

II. 

III. 

IV. 

In. 

1000 

.0050 

.0039 

.0043 

.0045 

.031 

.0695 

.0528 

5.6 

2000 

.0130 

.0140 

.0127 

.0140 

.062 

.1721 

.1943 

4.7 

3000 

.0240 

.0278 

.0237 

.0280 

.125 

.3060 

.4030 

4.3 

4000 

.0360 

.0423 

.0352 

.0427 

.187 

.4580 

.6180 

4.4 

5000 

.0483 

.0563 

.0469 

.0565 

.250 

.6250 

.7780 

4.4 

6000 

.0610 

.0713 

.0597 

.0650 

.343 

.8060 

.9530 

7000 

.0770 

.0863 

.0752 

.0860 

.437 

1.0070 

1.2210 

4.5 

7400 

.0900 

.1025 

.0897 

.1032 

.531 

1.1730 

1.4590 

4.5 

7000 

.1538 

.2165 

.1593 

.2140 

.812 

1.8050 

3.3380 

3.5 

B>:AIJI  No.  51. 
Loaded  at  2  points  7-V'2  ft.  apart. 
ORIGINAL  REALINGS 


Ap- 
plied     Extensoiiieter  Reading 


De- 

flec- 


4  1/2-in.  Round  Rods. 

UNIT  LiEFORIiiA-  Neutral 
TIONS 

Axle 


Load 

Inches 

tion 

Upper 

Steel 

lbs. 

I. 

T  T 

T  T  T 
III  . 

IV. 

In. 

Fiber 

1000 

.0025 

.0023 

.0031 

.  0030 

.000 

.0268 

.0214 

5.5 

2000 

.0045 

,0041 

.0052 

.0052 

.000 

.0447 

.0393 

5.3 

3000 

.  0080 

.0075 

.0089 

.0087 

.031 

.0786 

.0679 

5.3 

4000 

.0125 

.0120 

.0135 

.0135 

.062 

.1197 

.1071 

5 . 2 

5000 

.0175 

.0184 

.0198 

.0190 

.078 

.1690 

.1608 

6000 

.0243 

.0252 

.0261 

.0285 

.093 

.2235 

.2380 

7000 

.0300 

.0336 

.0334 

.0365 

.124 

.2735 

.3220 

4.6 

8000 

.0375 

.0427 

.0408 

.0455 

.156 

.3304 

.4060 

4.5 

9000 

.0445 

.0514 

.0481 

.0545 

.187 

.3840 

.4910 

4.4 

10000 

.0523 

.0606 

.0555 

.0627 

,218 

.4560 

.5720 

4.4 

11000 

.0600 

.0695 

.0628 

.0720 

.250 

.5180 

.6520 

4.4 

12000 

.0675 

.0784 

.0704 

.0815 

.281 

.5810 

.7330 

4.4 

13000 

.0755 

.0873 

.0781 

.0895 

.312 

.6430 

.8130 

4.4 

14000 

.0835 

.0970 

.0864 

.0985 

.343 

.  7150 

.9020 

.  4.4 

15000 

.0920 

.1059 

.0945 

.1075 

.375 

.7860 

.9830 

16000 

.1010 

.1157 

.1034 

.1170 

.437 

.8570 

1 

.0710 

4.5 

17000 

.1100 

.1258 

.1125 

.1265 

.500 

.  9330 

1 

.1610 

4.5 

18000 

.1200 

.  1364 

.1219 

.1370 

.562 

1.0470 

1.2500 

4.5 

17000 

.2730 

.4020 

.2770 

.3900 

1.125 

1.9660 

3 

.9300 

3.3 

16000 

.3890 

.5720 

.3950 

.5600 

1.375 

2.7700 

5 

.7200 

3.3 

^5 


BEAM 

Loaded  at  the  center. 

] 

ORIGINAL  READINGS 


Ap- 
plied     Extensometer  Reading 


T.n  A/? 

Inches 

lbs. 

I. 

II. 

III. 

IV. 

1000 

.0045 

.0052 

.0052 

.0045 

2000 

.0110 

.  0133 

.0112 

.0140 

3000 

.0205 

.0260 

.0205 

.0268 

4000 

.0305 

.0398 

.0307 

.0405 

5000 

.0410 

.0540 

.0460 

.0560 

6000 

.0515 

.0679 

.0528 

.0700 

7000 

.0635 

.0825 

.0650 

.0850 

7650 

.0750 

.0980 

.0759 

.1000 

7200 

.1709 

1.3325 

.1729 

1.3400 

.  52. 

4  1/2 'in.  Round  Rods. 


UNIT  lEFORliA-  Neutral 


TIONS 

Axis 

De- 

flec- 

tion 

Upper 
Fiber 

Steel 

In. 

.000 

.0694 

.0639 

5.1 

.031 

.  13RP 

.2000 

4.1 

.062 

.  i'. '     '  . 

.399o 

3.S 

.093 

.3612 

.6110 

3.8 

.156 

.5340 

.8140 

.218 

.6250 

1.0420 

3.7 

.281 

...2630 

3.8 

.343 

.9030 

o—  

3.8 

3.750        2.6800     1.5090  6.4 


^6 


BEAM  No.  53. 
Loaded  at  2  points  1-1/2  ft.  apart. 

ORIGINAL  HEADINGS 

Ap- 
plied      Extensometer  Reading  De- 


Load 

Inches 

flec- 
tion 

lbs. 

I. 

II. 

III. 

IV. 

In. 

1000 

.0065 

.0078 

.0062 

.0075 

.000 

2000 

.0125 

.0146 

.0123 

.0145 

.031 

3000 

.0200 

.0223 

.0194 

.0225 

.062 

4000 

.0282 

.0325 

.0284 

.0335 

.093 

5000 

.0400 

.0456 

.0403 

.0472 

.156 

6000 

.0520 

.0598 

.0539 

.0625 

.218 

7000 

.0670 

.0754 

.0698 

.0800 

.312 

7900 

.0870 

.0985 

.0911 

.1050 

.406 

7000 

.3470 

.5390 

.4290 

.5525 

1.750 

4  1/2 -in.- Round  Rods. 

UNIT  LiEFORMA-  Neutral 
TIONS  Axis 


Upper 

Steel 

Fiber 

.0778 

.  1139 

4.1 

.1611 

.1945 

4.3 

.2639 

.3141 

4.6 

.3722 

.4780 

4.4 

.5420 

.6610 

4.5 

.6580 

.9840 

4.e 

.9030 

1.1110 

4.5 

1.1700 

1,4590 

4.5 

4.4500 

8.4100 

3.4 

^7 


BEAM  No.  54. 
Loaded  at  2  points  1-1/2  ft.  apart. 
ORIGINAL  READINaS 

Ap- 
plied       Extensoineter  Resuiing  le- 


Load 

Inches 

flec- 
tion 

Lbs. 

I 

II. 

III. 

IV. 

In. 

1000 

.0041 

.0040 

.0040 

.0038 

.000 

2000 

•OlOO 

.0105 

.0103 

.0105 

.031 

3000 

.0197 

.0221 

.0204 

.0225 

.093 

4000 

.0300 

.0364 

.0326 

.0368 

.156 

5000 

.0400 

.0510 

.0452 

.0500 

.218 

6000 

.0500 

.0653 

.0582 

.0640 

.281 

7000 

.0623 

.0780 

.0723 

.0799 

.343 

8000 

.0755 

.0953 

.0879 

.0923 

.406 

8250 

.0840 

.1099 

.0978 

.1070 

.500 

7500 

.2200 

.3817 

.2839 

.3870 

1.125 

7000 

.4420 

.6340 

.5050 

.6400 

2.000 

4  1/2- in.  Round  Rods. 

UNIT  LEFORMA-  Neutral 
TIONS  Axis 


Upper 

Steel 

Piber 

.0584 

.0528 

4.2 

.1432 

,1432 

5.0 

.2779 

.3200 

.4080 

.5380 

4.4 

.5560 

.7300 

4.3 

.6940 

.9450 

4.2 

.8700 

.1139 

4.3 

1,0690 

1.3480 

1.2220 

1.5810 

2.7790 

6.1100 

is. 

5.6500 

9.7300 

3.6 

'It- 


mm  No.  55. 


Ap- 
plied 


Loaded  at  2  points  3  ft.  apart. 

ORIGINAL  Pa3ADINaS 
Extensometer  Reading 


4  1/2 -in.  Round  Rods. 

UNIT  lEFORMA-  Neutral 
TIONS  Axi  s 


De- 
flec- 


Load 

Inches 

tion 

Upper 

Steel 

Lbs . 

I. 

II. 

III. 

IV. 

In. 

Fiber 

1000 

.0041 

.0040 

.0037 

.0037 

.000 

.0455 

.0410 

5 

2000 

.0105 

.0105 

.0093 

.0100 

.031 

.1137 

.1110 

SO 

3000 

.0200 

.0211 

.0183 

.0200 

.062 

.2160 

.2274 

4.8 

4000 

.0323 

.0359 

.0299 

.0345 

.125 

.3300 

.4030 

4.5 

5000 

.0450 

.0513 

.0422 

.0500 

.187 

.4670 

.5930 

4.4 

6000 

.0580 

•0661 

.0547 

.0645 

.250 

.6140 

.7740 

4.4 

7000 

•  0710' 

.0804 

.0673 

.0790 

.312 

.7390 

»9360 

4.4 

8000 

.0855 

.0961 

.0819 

.0946 

.375 

.9100 

1.1140 

4.5 

8900 

.1065 

.1219 

,1025 

.1200 

.468 

1.1250 

1.4160 

4.4 

8500 

.2000 

.3970 

.2925 

.4062 

1.500 

1,8190 

5.5700 

^.7 

BEAM  No.  56. 
Loaded  at  2  points  3  ft.  apart. 

ORIGINAL  READINGS 


4  1/2 -in.  Round  Rods. 


Ap- 
plied 

Load 

Lbs. 


I. 


Extensometcr  Reading 
Inches 

II.      III.  IV. 


re- 
flec- 
tion 

In. 


UNIT  INFORMA- 
TIONS 

Upper  Steel 
Fiber 


Neutral 
Axis 


1000 

.0050 

•0043 

.0049 

.0045 

.000 

.0614 

.0455 

5.8 

2000 

.0095  " 

.0099 

.0109 

.0105 

.000 

.1295 

.1114 

5.1 

3000 

.0200 

.0200 

.0209 

.0215 

.000 

.2363 

.2276 

5.0 

4000 

.0305 

.0325 

.0325 

.0345 

.031 

.3415 

.3870 

4.7 

5000 

.0420 

.0457 

.0448 

.0475 

.062 

.5240 

.5130 

5.0 

6000 

.0546 

.0586 

.0580 

.0605 

.093 

.6260 

.6830 

4.8 

7000 

.0658 

.0723 

.0728 

.0745 

.156 

.7780 

.8420 

4.9 

8000 

.0830 

.0869 

.0895 

.0895 

.250 

.9890 

.9670  . 

5.0 

9000 

.1020 

.1032 

.1093 

.1060 

.375 

.1217 

1.1370 

5.2 

9610 

.1215 

.1241 

.1319 

.1300 

.500 

1.4430 

1.4090 

5.1 

9000 

.1530 

.1665 

.1670 

.1740 

.593 

1.7830 

1.9310 

4.8 
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